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Introduction
It is generally accepted that small endothermic mammals with high surface-to-volume ratios have physiological adaptations to cope with problems of thermoregulation and evaporative water loss imposed by the desert environment (Schmidt-Nielsen 1964) . These problems are exacerbated in bats because they have much higher surface-to-volume ratios than other mammals of equal mass due to their membranous, vascularized wings (Poole 1936; Hartman 1963) . Bats, like other mammals, are endothermic and when euthermic, during periods of activity, maintain body temperatures between 35ЊC and 39ЊC (Altringham 1996) . If a constant body temperature is to be maintained, heat gain must equal heat loss, and as in all animals, heat transfer between a bat and its environment occurs by four pathways: conduction, convection, radiation, and evaporation. These pathways are all surface area dependent.
Among the behavioral thermoregulatory mechanisms used by bats are spreading and waving of the wings by megachiropterans in order to increase convection and radiative heat loss (Reeder and Cowles 1951) and moving between cooler or warmer microclimates within their roost to fine-tune heat exchange in mega-and microchiropterans (Licht and Leitner 1967; Riskin and Pybus 1998) . In addition, when ambient temperature (T a ) is lower than their lower critical temperature (T lc ), bats may huddle in order to keep warm (McNab 1982) . The reverse phenomenon, that is, increasing distance among individuals when T a increases to reduce heat gain from their neighbors, has been observed in several species, including the Yuma Sources. Gharaibeh and Qumsiyeh 1995; Fenton et al. 1999; Nowak 1999; Arlettaz et al. 2000; Korine and Pinshow 2004; Daniel 2005. myotis Myotis yumanensis, the Mexican free-tailed bat Tadarida brasiliensis, and the pallid bat Antrozous pallidus (Licht and Leitner 1967) . On a larger spatial scale, some bat species migrate rather than face inhospitable changes in environmental conditions (McNab 1974) . The physiological mechanisms of thermoregulation in bats are not different from those in other mammals of comparable size (McNab 1982) . In response to cold, most insectivorous bats reduce their body temperature (T b ) and become torpid. Torpor is well known as a means to conserve energy and water (Herreid and Schmidt-Nielsen 1966) and is used by many bat species from different environments, even bats of subtropical origin (Turbill et al. 2003) . Bats do not have sweat glands; thus, evaporative water loss (EWL) is respiratory and transcutaneous (Wimsatt 1970) . EWL might be especially great during flight because the wings are exposed to strong convection (Carpenter 1969) . By entering torpor and reducing their metabolic rate (MR), bats also reduce their EWL by 50%-90% (Carpenter 1969; Morris et al. 1994) . Torpor may be short and shallow and last several hours, or it may be prolonged and deep, usually during hibernation, and last up to 80 d (Brack and Twente 1985) .
Entry into and emergence from torpor depend on food availability, T a , day length, and the physiological condition and reproductive status of an individual bat (Altringham 1996; Chruszcz and Barclay 2002) . As a result, a given colony of bats may contain both active and torpid individuals at the same time (Speakman 1988) . This phenomenon has been observed in the big brown bat Eptesicus fuscus and the hoary bat Lasiurus cinereus; when T a was low, males were torpid, while pregnant females (Cryan and Wolf 2003) or those attending pups were active (Audet and Fenton 1988) .
When T a is high, some bat species are facultatively hyperthermic (Licht and Leitner 1967; Bronner et al. 1999) . That is, as T a increases, the animal allows its T b to increase passively. This response reduces energy expenditure and lessens heat gain by reducing the temperature gradient between the body and the environment. For example, in T. brasiliensis, M. yumanensis, and A. pallidus, T b was elevated by 1Њ-2ЊC above T a when T a was 41ЊC. In addition, studies of desert-dwelling bat species suggest that they generally have relatively low MRs (Licht and Leitner 1967; Bell et al. 1986; Maloney et al. 1999 ; but see Speakman and Thomas 2003) . Licht and Leitner (1967) posed the question of whether the above-described physiological traits occur in all desert bat species or whether they are phylogenetically independent. We addressed this question by comparing insectivorous bat species sympatric in the Negev highlands (Korine and Pinshow 2004) but with different zoogeographical distributions and different phyletic origins, the European free-tailed bat Tadarida teniotis and Hemprich's long-eared bat Otonycteris hemprichii (Table  1) . Two-species comparisons can provide only weak evidence for adaptation (Garland and Adolph 1994) , but T. teniotis and O. hemprichii belong to different families , and we compared six distinct physiological variables (body mass, MR, EWL, T b , T lc , and the slope of the line relating MR to T a below T lc ). Although these variables are not independent, along with the many behavioral and morphological differences between the species (Korine and Pinshow 2004) , they should suffice to reduce the probability that the species might be different simply by chance to less than 5% (Garland and Adolph 1994) .
We hypothesized that the species will differ in the relative magnitudes of their physiological responses when faced with the same environmental conditions and predicted that Hemprich's long-eared bat, a species of Saharo-Arabian and IranoTuranian distribution, will generally have lower resting MR (RMR) and EWL and a higher dry heat transfer coefficient than T. teniotis, a species of broad central Palearctic distribution.
Material and Methods

Study Species
Seven Tadarida teniotis and six Otonycteris hemprichii were captured with mist nets in the vicinity of Midreshet Ben-Gurion in the central Negev highlands, at sites permitted by the Israel Nature and Parks Protection Authority (permit 13414, 2001-2004) . Captured bats of both sexes were initially held in individual cages ( cm) until they learned to 40 cm # 40 cm # 40 eat and drink from dishes. They were subsequently released into an outdoor flight cage ( m). Between 2.5 m # 4 m # 7 experimental measurements, bats were exposed to the local climate and natural photoperiod but in the attenuating confines of the flight cage. They were provided with roosting boxes suited for the specific needs of each species and fed commercially raised mealworms and crickets, and water was provided ad lib., with necessary vitamins added (Barnard 1995) . All experiments were done at least 12 h after a bat's last meal, assuring that they were postabsorptive (Kleiber 1961) .
Metabolic Rate
MR was measured by indirect calorimetry using an eightchannel open-flow gas analysis system. was calculated froṁ Vo 2 measurements made while bats hung on a metal mesh foothold inside metabolic chambers built from PVC piping. Each chamber had a volume of 730 cm 3 . To keep absorptivity of the chamber walls as close to unity as possible and thereby avoid complications caused by reflected thermal radiation (Porter 1969) , they were painted matte black. The chambers were mounted in a controlled-temperature cabinet (Precision 850), and measurements were made at temperatures between 15ЊC and , which covers the range of daily air temper-40Њ ‫ע‬ 0.5ЊC atures in our research area.
Gas Analysis System
Air was pumped from outside the building into the system at a pressure 7.5 kPa higher than atmospheric (∼96.66 kPa) and controlled by a precision gas regulator (Qubit G260). The incurrent air was filtered for fine particulate matter, scrubbed of CO 2 , and dried using columns of fluffed Dacron, soda lime (mixed calcium oxide and sodium hydroxide), and Drierite (anhydrous calcium sulfate), respectively. The vapor density (r E ), fractional concentration of oxygen (F E o 2 ), and fractional concentration of carbon dioxide (F E co 2 ) in the air exiting each metabolism chamber was monitored. First, air passed through a dew point and relative humidity analyzer (Sable Systems model RH-100) to measure r E . The stream was then redried through a Drierite-filled column and split, a portion being diverted to a differential oxygen analyzer (Applied Electrochemistry model S104) and the remainder to an infrared CO 2 analyzer (LiCor 6252).
Oxygen consumption ( ) and CO 2 production ( )Vo Vco 2 2 were calculated following the Warthog Systems software (http://warthog.ucr.edu) arrangement of well-known respirometry equations (Hill 1972; Depocas and Hart 1975; Withers 1977) .
) was converted to units oḟ Vo 2 power (W), taking respiratory exchange ratio into account, that is, the oxidation of substrate by 1 L of O 2 produced between 19 and 20 kJ (Kleiber 1961; Schmidt-Nielsen 1997) and expressed as mass or surface area specific.
The CO 2 analyzer was calibrated by injecting into it air containing different precise concentrations of CO 2 (0, 250, 500, and 1,000 ppm) with a gas calibration cylinder (LiCor model 6000-01). An accuracy of ‫5ע‬ ppm was determined for the measurement range used. The O 2 analyzer was adjusted against gas of known composition (21% O 2 , 79% N 2 by mass; Maxima, Mizpeh Ramon, Israel). The gas was applied to both reference and sample cells of the O 2 analyzer, and the differential was set to 0. Calibration equations were automatically generated and used by the computer software of the system to read differences in O 2 concentrations between the reference and sample channels, so that drift was taken into account in each measurement cycle.
Evaporative Water Loss
Total EWL ( ) was measured from the respiratory ϩ cutaneous vapor density difference between incurrent and excurrent airstreams with the dew point and relative humidity analyzer, following Bernstein et al. (1977) :
where EWL is in grams of H 2 O per minute, is excurrent aiṙ V E flow (mL min Ϫ1 stpd), and r I and r E are water vapor density in the incurrent and excurrent air, respectively (g m Ϫ3 ). The dew point and relative humidity analyzer was calibrated by pumping air of known vapor density through it. The air of known vapor density was produced by bubbling room air through warm water (35ЊC) in a column. The water-saturated air then passed through a spiral copper tube placed in a water bath at a temperature lower than room air temperature. Some of the vapor condensed in the tube or in a downstream water trap, leaving the air saturated at the new, controllable temperature (which sets the desired vapor density). This vaporsaturated air then exited the water bath and warmed to room air temperature, retaining the desired vapor density, which was read by the dew point hygrometer. A calibration curve was calculated by least squares linear regression of the readings versus vapor density.
Body Temperature
We used interscapular temperature as a gauge of T b and measured it continuously with subcutaneous, indwelling type-T (Cu-constantan) thermocouples inserted over the interscapular brown adipose tissue (Wojciechowski et al. 2006 ). Although it is not a precise measure of deep-body temperature, this site was chosen to represent it because (1) interscapular temperature in the big brown bat Eptesicus fuscus is within 1ЊC of heart temperature (Hayward and Lyman 1967) and (2) bats could not reach and disturb the thermocouples. At least 24 h before experiments, a thermocouple guide-cannula was implanted subcutaneously in the interscapular region of each bat (0.8 mm i.d. polyethylene; Portex, Hythe, England). The cannula was inserted under the skin through a small incision at back of the neck and fixed to the skin with surgical thread and tissue glue. During experiments, the cannula served as a guide for a type-T thermocouple (0.6 mm in diameter; W-TW-36 P2, Physitemp Instruments, Clifton, NJ) that was inserted immediately before an experiment and fixed in place with adhesive tape. The cannula generally fell out spontaneously within 2 wk, and the wound healed completely. T b data were recorded with a Campbell 21X datalogger. Each thermocouple was calibrated to ‫1.0ע‬ЊC against a thermometer with accuracy traceable to the U.S. National Bureau of Standards.
Body Surface Area
During experiments, the bats were put inside the metabolic chambers and could not unfurl their wings. Their body surface area (A b ) was estimated by considering them to be flattened ellipsoids. 
where
2 2
Dry Heat Transfer Coefficient
The dry heat transfer coefficient (thermal conductance; Tieleman and Williams 1999) was calculated following Dawson and Schmidt-Nielsen (1966) :
where MR is the rate of heat production (W), EHL is rate of evaporative heat loss (W, 1 g kJ), and A b is body H O p 2.49 2 surface area (cm 2 ).
Experimental Protocol
The multichannel system allowed us to sequentially sample air from six bats at a time. One of the other two channels served as a blank with an empty metabolism chamber, and the eighth was connected directly to the reference channel of the oxygen analyzer. Each bat was weighed ‫10.0ע(‬ g), fitted with a thermocouple, and placed in a metabolic chamber, where it hung on the galvanized mesh. The metabolic chambers were secured inside the controlled-temperature cabinet. The dry, CO 2 -free air was pumped (Gast DOA-P601-BN) through the precision pressure regulator and was split into eight channels by a gas manifold (Qubit G245) with independent mass flow controllers/monitors each supplying a metabolic chamber. All air channels exited the metabolic chambers to an eight-channel gas selector (Qubit G244) that allowed the choice of a specific channel for sampling, as described above. Measurement sessions were 5 h long. Each channel was sequentially sampled for 8 min. No data were collected for the first hour, which was allowed for stabilization of the metabolic chamber temperature (T a ) and the animal's T b and . Thus, during the 4 h oḟ Vo 2 measurement, each bat was monitored five times for 8 min (40 min total). Metabolic chambers were dark during experiments. Reference readings were also taken at 8-min intervals, for a total period of 40 min. Corrections for drift were done once each cycle, that is, every 56 min, during the 5-h measurement sessions. At the end of each experiment, bats were weighed again, and the mean of the two measures of m b was used for the calculation of mass-specific MR.
The eight flow channels were independently calibrated using a bubble flow calibrator (Gilian Gilibrator 2). Ten-point calibration curves, between 0 and 2,000 mL min
Ϫ1
, were created and used by the computer software of the system to record flow rates, which were, on average, 1,235 mL min Ϫ1 . Measurements of MR were made at 12 different T a ranging from 15ЊC to 40ЊC. Seven individuals of each species, of both sexes, were examined twice, once during the daytime (r, or resting, phase) and once at night, when active but resting (a, or active, phase). The order of the T a was chosen randomly.
Data Analysis
Data for MR are presented as mass specific. Bats were regarded as torpid when their T b was lower than 36ЊC, the lowest T b we found in euthermic bats (36Њ-38ЊC), at the same T a and during the a phase. We did not differentiate between deep and shallow torpor.
Statistical Methods
We followed the method of Pinshow et al. (1976) to objectively determine T lc . A range of temperatures was chosen that was broad enough to clearly include the T lc on a plot relating MR to T a . The data points were then successively divided into two groups, an upper temperature group and a lower temperature group, and the corresponding pair of linear regression lines and their pooled mean squares (PMS) were calculated. This process was repeated, and the intersect of the pair of regression lines with the lowest PMS was considered to be the T lc (Pinshow et al. 1976 ). After determining the T lc by this objective means, the range of T a was divided in two: temperatures less than T lc and temperatures greater than T lc . Data were analyzed using SAS software, and general linear model analysis was done using the mixed model procedure with the bats' individual identification numbers as the categorical variable for repeated measures. The interactions among different treatments (T a and time of day) and the measured variables were examined for each species separately. Least squares linear regressions and differences in regression slopes were analyzed by ANCOVA using SYSTAT 9. Means are presented ‫1ע‬ SD.
was chosen as the lowest P ! 0.05 acceptable level of significance.
Results
Metabolic Rate
Mean body masses of Tadarida teniotis and Otonycteris hemprichii were g ( ) and g ( 31.97 ‫ע‬ 2.31 n p 7 25.43 ‫ע‬ 2.09 n p ), respectively. During their a phase, the T lc of each species 6 was clearly defined: 32.0ЊC and 33.5ЊC for T. teniotis and O. hemprichii, respectively. In both species, above their T lc there was a significant but slow increase in MR up to 40ЊC, the maximum T a to which the bats were exposed. Thus, we did not determine their upper critical temperatures. However, the mean mass-specific RMR between the T lc and 40ЊC was significantly lower in O. hemprichii than in T. There is an apparent range of thermoneutral T a in the r phase of both species as well. However, by contrast with their a phase, wherein both species were euthermic, by day both species reduced MR and became torpid at low T a (Fig. 1) . This reduction in MR began at a higher T a in O. hemprichii than in 
Evaporative Water Loss
In both species, total EWL increased with increasing T a (Fig.  3) . In T. teniotis, the minimum nocturnal EWL at 15ЊC (0.18 mg min
Ϫ1
) was only 6% of its maximum rate at 40ЊC (3.02 mg min
). For O. hemprichii, minimum nocturnal EWL at 15ЊC was slightly higher, at 9% of its maximum rate (0.19 mg min Ϫ1 at 15ЊC vs. 2.02 mg min Ϫ1 at 40ЊC). EWL in both species at was low by day and by night ( The EWL of torpid T. teniotis did not differ from the EWL of normothermic animals ( , ; Fig. 3a ). How-F p 0.98 P 1 0.05 1, 74 ever, EWL was higher ( , ) for normo-F p 23.52 P ! 0.0005 1, 60 thermic than for torpid O. hemprichii (Fig. 3b) . EWL in T. teniotis increased sharply at , both by day and by T 1 33.5ЊC a night. EWL in O. hemprichii also increased but to a lesser extent, and the increase began at 35.0ЊC (Fig. 3) .
Dry Heat Transfer Coefficient (Thermal Conductance)
Mean estimated surface areas of animals with folded wings for T. teniotis and O. hemprichii were cm 2 ( ) 61.54 ‫ע‬ 7.63 n p 7 and cm 2 ( ), respectively. In both species, in 44.09 ‫ע‬ 3.53 n p 6 both their a and r phases, the dry heat transfer coefficient (C) increased with increasing T a (Fig. 4) 
Discussion
The physiological responses of Otonycteris hemprichii to the experimental conditions in this study, both by night and by day, are more characteristic of small desert mammals than are those of Tadarida teniotis, which are characteristic of a mesic species (Degen 1997) . Otonycteris hemprichii, as expected, has a lower mass-specific MR, enters torpor at a higher T a , and has lower EWL in the higher range of T a tested. Heat production and its associated physiological functions follow a daily rhythm that, under natural conditions, may lead to considerable energy and water savings. However, a difference in EWL at temperatures below the T lc in either species was not found during day or night.
Metabolic Rate
The responses of MR to changes in T a in O. hemprichii and T. teniotis are consistent with the responses observed in other small insectivorous bats (Speakman and Thomas 2003) . However, although MR decreases at high T a in both species, the paths they follow with decreasing T a are different. The mass-specific MR of O. hemprichii between its T lc and 40ЊC was significantly lower than that of T. teniotis in that range, even though T. teniotis has a greater body mass. Otonycteris hemprichii, as expected from its zoogeographic origins, uses energy frugally, as reflected by its low basal metabolic rate (BMR). This phenomenon is documented for other taxa of desert mammals, large and small (Lovegrove 2000 (Lovegrove , 2003 Williams et al. 2004) , and for desert birds (Dawson 1984; Maclean 1996; Tieleman et al. 2002) . Below their T lc , euthermic bats of both species have typical mammalian patterns of thermal adjustment; that is, MR increases with decreasing T a . In both species, this results in a substantial increase in metabolic cost. To answer the question of whether physiological traits suited for survival in deserts, such as low MR, occur in all desert bat species or whether they are dependent on phylogeny, we compared the slopes of the regression lines relating BMR (Y) to m b (X) of 39 insectivorous bat species from 10 different families and of different zoogeographic distributions by ANCOVA, with log body mass as covariate ( Fig. 5; Table 3 ). In contrast to the results of this study, there was no difference ( , ) in F p 3.62 P p 0.065 1, 35 BMRs among desert and nondesert insectivorous bat species. In addition, we did a phylogenetically informed ANCOVA to account for nonindependence of species within a phylogeny (Felsenstein 1985) , following the techniques of Garland et al. (1993) with the PDAP software package (Garland et al. 2002) . We used a phyletic tree for bats based on the topology of Jones et al. (2002) , assuming equal branch lengths (Pagel 1992) . Again, we found no difference between desert and nondesert species of insectivorous bats ( , ). Previous F p 3.62 P p 0.082 1, 35 studies of insectivorous bats indicate that low RMR is a characteristic common to insectivorous bats in general (McNab 1969; Lindstedt and Boyce 1985; Genoud and Bonaccorso 1986; Speakman and Thomas 2003) . Our analysis supports this assertion and suggests that desert-dwelling species are included in the generality. It is, however, possible that a difference in RMR between This study desert and nondesert bats exists but could not be observed in this analysis for three reasons. First, because of limited data for RMR available in the literature, the number of desert bat species that we used in the statistical analysis was low compared to the number of nondesert species. Second, it is sometimes difficult to draw a sharp distinction between desert and nondesert distributions because bats are able to fly long distances between dry and moist habitats. Third, it is known that plasticity of RMR occurs within different populations of the same species inhabiting different regions (Bonaccorso and McNab 1997) . Both T. teniotis and O. hemprichii used torpor to reduce metabolic costs at low T a . The use of daily torpor resulted in energy savings of between 17% and 75% of the euthermic heat production in T. teniotis at and of between 51% and
. There were differences in T ! 32ЊC a MRs between day and night in both species (Fig. 1) . At night, bats consistently maintained high MRs, while during the day, torpor was used, especially at low T a .
To gain a better understanding of the differences in the thermoregulatory abilities between species, it is necessary to examine the degree to which T b is regulated relative to T a (Henshaw and Folk 1966) . Our subjective judgment of when a bat enters torpor is usually based on T b , but as bats have labile T b , T b should also be used in conjunction with other variables to determine the onset of torpor. Geiser and Ruf (1995) suggested that changes in may be a better indicator of entry intȯ Vo 2 torpor than T b alone. Otonycteris hemprichii entered torpor at higher T a than T. teniotis, and its MR at was lower T ! 32ЊC a than that of T. teniotis at the same T a . This suggests that T. teniotis has a higher tolerance of low T a , while O. hemprichii has a better ability to conserve energy and possibly water by using deeper torpor, which can be employed at higher T a .
Body Temperature
During the night, T b of both species remained at the euthermic level for hours, even at relatively low T a . Evidently, both T. teniotis and O. hemprichii can maintain euthermy in the cold. Above their T lc , T b of both T. teniotis and O. hemprichii increased with rising T a from for T. teniotis and T p 32.0ЊC a for O. hemprichii (Fig. 3 ). This increase in T b T p 33.5ЊC a matched the moderate increase in MR within the same range of T a . Increasing T b increases skin temperature and, along with it, the animal surface-to-ambient temperature gradient. This, in turn, increases the potential for heat loss by convection, conduction, and radiation, thereby decreasing the need for evaporative cooling (Calder and King 1974) . Such a mechanism can be advantageous for mammals inhabiting arid environments.
T b in both T. teniotis and O. hemprichii was labile. Both maintained euthermic T b at the lowest temperatures to which they were exposed at night but let their T b fall almost to the level of T a by day, thus reducing energy expenditure. Although a similar pattern of physiological response to low T a during daytime was observed for the two species, T b of O. hemprichii was significantly lower at . These differences in ther-T ! 32ЊC a moregulatory response between day and night confirm other observations that torpor is not an obligatory response to low air temperature (Avery 1985; Audet and Fenton 1988) . In addition, torpor is apparently a mechanism used to conserve en- Table 3 for a list of the species used here). Solid and dashed lines describe the least squares linear regression equations for nondesert ( , The main apparent difference in T b regulation between the two species appears to be the minimum T a down to which each maintains euthermic T b . While O. hemprichii allows its T b to drop beginning at a T a of 32ЊC, T. teniotis remains euthermic until T a reaches 25ЊC, suggesting again that T. teniotis is more tolerant of lower T a in the range tested. This might explain its presence in the research area all year round, while O. hemprichii, which is better able to endure drier and hotter environments, is not found active during the cooler months (Korine and Pinshow 2004) .
Evaporative Water Loss
Both T. teniotis and O. hemprichii have rates of EWL approximately 50% lower than other bat species (Table 2 ). Although the rates of EWL of both T. teniotis and O. hemprichii were comparatively low, the rate was significantly lower in O. hemprichii than in T. teniotis, suggesting that it has an especially frugal water economy. The lower EWLs of O. hemprichii and T. teniotis are strong indirect evidence for effective use of physiological mechanisms, such as temporal countercurrent heat exchange, to save heat and water, as described by SchmidtNielsen et al. (1970) . The presence of the temperature gradients required for this mechanism to be effective was demonstrated in arid (Schmidt-Nielsen et al. 1970 ) and mesic mammals, including three vespertilionid bats (Schmid 1976 ), and we assume that it functions in O. hemprichii and T. teniotis as well. As a result of countercurrent heat exchange in the nasal passages, reduction of respiratory water loss and energy occurs because air is exhaled below core T b , allowing heat (the latent heat of condensation) and water to be recovered rather than lost to the environment (Hillenius 1992) . Herreid and Schmidt-Nielsen (1966) regarded torpor as an energy-and water-saving mechanism. Several studies confirmed that water loss is reduced during torpor in bats (see Webb et al. 1995) . In our study, differences in EWL between torpid and euthermic bats were found only for O. hemprichii. This also supports the idea that O. hemprichii tolerates xeric conditions better than T. teniotis.
Dry Heat Transfer Coefficient
According to Scholander et al. (1950) , an animal's dry heat transfer coefficient (thermal conductance, C) in homeothermic animals is expected to be minimal at the animal's T lc and to remain constant below that temperature. We found this only D (Reeder and Cowles 1951; Bartholomew et al. 1964) , and they can modulate peripheral blood flow by vasoconstriction and vasodilation, especially in their membranous wings (Kluger and Heath 1970) . Since bats in our experiments were in opaque metabolic chambers, we could not observe their behavior and thus could not differentiate between behavioral and physiological changes in C.
In this study, no significant differences between day and night values of dry heat transfer coefficient were found for either species. By contrast, previous studies reported differences be-tween day and night values of whole-animal "dry" conductance in other species of microchiropteran bats (Chalinolobus gouldii, Hosken and Withers 1997; Nyctophilus geoffroyi, Hosken and Withers 1999; Mops condylurus, Maloney et al. 1999) . We cannot offer a substantiated explanation for all the differences in conductance, but in the case of C. gouldii and N. geoffroyi, the explanation may be that the differences were found at temperatures below the range covered in our study and in torpid and hibernating bats.
During the night, the difference between T b and T a increased, and the rate of metabolic heat production increased as well, in order to maintain euthermic T b . In addition, during the day, the difference between T b and T a decreased, and the rate of metabolic heat production also decreased. As a result, the MR to ratio was maintained. Evaporative heat loss, which T Ϫ T b a in principle could also affect C, was found to be very low and could not result in significant changes between its day and night values.
In conclusion, we found that the physiological responses of O. hemprichii to a range of T a , both by night and by day, are characteristic of a mammal adapted to arid environments, while those of T. teniotis are characteristic of a mesic species. Both species use torpor equally well to save energy and water, and both are extremely frugal compared to other small insectivorous bats that have been studied. On a larger scale, we did not find that the desert-inhabiting species among the insectivorous bats that we compared have lower MRs than the mesic species.
